In this study, polymer thin films were prepared and patterned by vapor deposition photo-polymerization of 6-diallylamino-[1,3,5]-triazine-2,4-dithiol) on SiO 2 /Si substrates. The characterizations of these films were investigated using FT-IR-RAS, XPS, optical microscopy and AFM. The polymerization rate of 0.10 ~ 0.14 min -1 was obtained by an ex-situ FT-IR-RAS study. The structure characterized with XPS showed that the polymer films contained disulfide bonds produced by thiol groups, and monosulfide bonds produced by the reaction between allyl and thiol groups and formed network chains. Furthermore, the 2.19 μm pattern of lines and spaces was developed sufficiently by optical observation.
Introduction
There has been remarkable growth in the research and development of synthetic polymers for biomedical, microelectronics, and other advanced technological applications. [1] [2] [3] [4] [5] [6] Many advanced applications of ultrathin polymer films can be envisioned, such as all polymeric semiconducting devices and direct-write lithography [5, 6] . Currently, the most common method to prepare thin polymer films is by wet techniques, such as electrochemical deposition, spin coating. [7] [8] However, these wet processes involve bringing residual solvent, microporosities (orange peel effect and pinhole defects) by evaporation of solvent and difficulties in controlling nanometer-thick films. Additionally, if any of the casting solvent remains in the film, the electroptical properties of the film will be different from that of a pure polymer film.
It has been known that triazine dithiol derivatives with high thermal stability and reactivity of thiol group could be used for the removal agent of a heavy metal, the bridge construction agent of rubber or a plastic, the adhesives of a metal-plastic or metal-rubber, the metal surface treatment agent (water-repellence, corrosion protection) according to different functional groups, and these films were generally formed by electropolymerization, tribological polymerization or immersion by thermal polymerization, photo-polymerization and electro-polymerization [8] [9] [10] . In this study, we describe a dry and efficient photochemical approach that produces poly(triazine dithiol) thin films and fabrication of micropatterns in ambient conditions. The characterizations of the films were carried out using ex-situ Fourier transformationinfrared-reflection absorption spectroscopy (FT-IR-RAS), X-ray photoelectron spectroscopy (XPS), optical microscopy and atomic force microscopy (AFM). Figure 1 shows FT-IR-RAS spectra of 6-diallylamino- [1, 3, 5] triazine-2,4-dithiol (DA) thin films of 50 nm UV irritated at various times. Table 1 summarizes the main absorption bands found in the spectra and their associated vibration modes. Compared to the as-deposited films (Fig. 1a) , one new peak appears and five peaks disappear in the polymer films (Fig. 1f) . The new peak is the band approximately 1560 cm -1 , corresponding to C=N stretching vibration of triazine ring. The disappeared bands are the peaks approximately 1648, 1391 cm -1 , corresponding to C=C stretching and CH scissor vibrations of -CH=CH 2 groups, and the peaks at 1614, 1485, 1335 cm -1 are due to NH deforming, CN and CS coupling and C=S stretching vibrations of -NH(C=S)-groups. The formation of C=N (triazin ring) and the loss of NH, C=S and C=C suggested that DA are polymerized. The surface morphologies of the as-deposited films and the polymer films are shown in Fig. 3a and 3b , respectively. The values of the average grain size (of 147 nm) and RMS roughness (of 15.19 nm) for the polymerized films very approximate those of the as-deposited films (151 nm and 17.75 nm, respectively). Thus the photopolymerized process did not cause the surface morphological changes when the monomers were transferred to oligomers or polymers.
Results and discussion
(a) (b) Fig. 3 . Surface morphologies of (a) the as-deposited films and (b) the polymer films observed by AFM.
For greater clarification of polymer structure, S 2p core-level spectra of the asdeposited films and the polymer films were measured, shown as Fig. 4 . In the asdeposited films (monomer) showed in Fig. 4a , four peaks based on >C=S group at S 2p3/2 =162.62 eV and S 2p1/2 =163.92 eV (66.46%) and -SS-group at S 2p3/2 =164.65 eV and S 2p1/2 =165.94 eV (33.54%). Assignments of S 2p peaks for the as-deposited films did not confirm results, which is due to X-ray photopolymerization to create the -SS-bond structure polymers on the surface of the as-deposited films performed by XPS measurement. For the polymerized film (shown in Fig. 4b ), there were six peaks based on -SH group at S 2p3/2 =161.61 eV and S 2p1/2 =162.81 eV (13.65%), >CS-group at S 2p3/2 =163.32 eV and S 2p1/2 =164.45 eV (43.73%) and -SS-group at S 2p3/2 =164.52 eV and S 2p1/2 =165.84eV (42.62%). The >CS-(monosulfied) bond is formed by reactions of thiol groups with double bonds. The -SS-(disulfide) bond is produced by oxidation of the thiol groups. It follows the above results that the polymer has network chains and can be expressed by Scheme 1 [10] . Figure 6 shows schematic of the photochemical synthesis of polymer patterns on SiO 2 /Si substrates by deposition of DA followed by UV irradiation through a photomask. Monomer DA was purchased economically (Sankyo Kasei Co., Ltd.) and used without further purification. The monomer was deposited on SiO 2 (~300 nm)/Si(100) substrates at room temperature under a base pressure of less than 1×10 -3 Pa. The growth rate and film thickness were monitored by a thickness and rate monitor (CRTM-6000, ULVAC). The thin films were irradiated by an UV spot source (PHOTOCURE 2000, HAMAMATSU). The FT-IR-RAS spectra were obtained with an FT-IR spectrometer (FT/IR-8900, JASCO) by means of refection absorption spectroscopy with the incident angle of 80 O . Surface topographies of the asdeposited and polymer films were examined by atom force microscope (AFM) (SPA 500, SEIKO); the cantilevers were used in the tapping mode and had a length of 90 μm and a force constant of 0.12 N/m. The grain size and the RMS roughness were obtained using the AFM instrument for each individual scan (5 µm × 5 µm). The patterned polymer thin films were observed with optical microscope (VHX-100, KEYENCE). XPS spectra were performed on an ESCA system (Perkin-Elmer PHI 500) with standard Al K α radiation (1.2k eV) at a bass pressure of about 10 -8 Pa. 
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